Laser therapy has been used extensively for surgery to the respiratory tract since itsjirst application in 1971. At this hospital, the surgeon's preferred technique for laser surgery to the tracheobronchial tree is to use the Nd-YAG laser through ajibreoptic bronchoscope passed through a rigid bronchoscope. General anaesthesia is employed and ventilation is controlled using jet-ventilation by the Sanders technique. Review of the literature failed to locate adequate information on the effect of manoeuvres such as insertion of instruments and the presence of a tracheal obstruction distal to the bronchoscope on the quality of ventilation using this technique. A bench study l'las undertaken, therefore, in an attempt to mimic such clinical situations and to assess the effect of such manoeuvres on the adequacy and pattern of ventilation. Under all conditions tested 'end-tidal' CO 2 concentrations accurately reflected distal 'tracheal' concentrations. The lowest inspired 02 concentration was 50% while entraining air through the bronchoscope. The highest was 86% while entraining oxygen.
Both carbon dioxide laser and neodymium-inyttrium-aluminium-garnet (Nd-YAG) laser have been used extensively for surgery on the upper and lower respiratory tract since its first application by Strong and J ako in 1971. 1 The physical characteristics of C02 laser make it particularly suitable for use in the upper airway while the Nd-Y AG laser is used more commonly in lower airway surgery since, unlike the C02 laser, it can be applied through the flexible fibreoptic bronchoscope. In this capacity it is used in the palliative treatment of obstructive and/or bleeding tracheobronchial malignancies.
The need to share, with the surgeon, access to the airway in patients who are frequently very ill, and the need to take special precautions because of the hazards of the use of the laser, have led to the development of a number of methods of conducting general anaesthesia for such laser surgery. 2, 3 At our hospital the surgeon's preferred technique for laser surgery to the tracheobronchial tree is to use the Nd-YAG laser through a fibreoptic bronchoscope passed through a rigid bronchoscope. This allows both optimal control of the laser beam with the fibreoptic bronchoscope and facilitates biopsy and suction of tracheobronchial material directly through the bronchoscope.
General anaesthesia is induced and maintained with a total intravenous anaesthesia technique. Ventilation is accomplished using a Sanders injectorA through an unmodified Storz rigid bronchoscope, since this allows uninterrupted ventilation during the frequent insertion and removal of instruments through the bronchoscope.
Review of the literature failed to locate adequate information on the effect of manoeuvres such as insertion of instruments and the presence of a tracheal obstruction distal to the bronchoscope tip on the quality of ventilation using this technique. This bench study was undertaken, therefore, in an attempt to mimic such clinical situations and to assess the effect of such manoeuvres on the adequacy and pattern of ventilation. METHOD A lung model was constructed to mimic as closely as possible the adult trachea in diameter and length and the adult lung in resistive and reactive properties. This model comprised a 6 litre antistatic rubber reservoir bag (Medishield OBM 372766) mounted transversely between hinged boards and was based on the breathing circuit designs of Hillman and Finucane. A detailed description of the characteristics of this model has been published elsewhere. 5 The bench testing equipment was set up as indicated in Figure 1 . An 8.5 mm Storz rigid bronchoscope was inserted into the 'trachea' and the proximal part of the 'trachea' was then partially occluded to mimic the laryngeal inlet. A variable resistance was placed between the distal tip of the bronchoscope and the distal end of the 'trachea' compressing the 'trachea' to approximately one quarter of its normal size to mimic an obstructive tracheal tumour. A thin plaster catheter was inserted into the model lung to supply a variable flow of carbon dioxide. Intermittent positive pressure ventilation was accomplished using a manually operated Sanders injector at the proximal end of the bronchoscope.
Carbon dioxide was measured at the proximal end of the bronchoscope using Hewlett-Packard Capnometer (Model 4721 OA)applied to the side arm of the bronchoscope. A sensing probe of a multigas analyser (MS2-D38216 CIG Medishield) was positioned in the distal 'trachea' and attached to a chart recorder (MFE 1400 MFE Corp) to provide a continuous record of distal 'tracheal' C02 concentration. Oxygen concentration in the distal 'trachea' was also measured using the multigas analyser.
CO 2 was infused into the lung model at flow rates sufficient to induce C02 concentration in the proximal bronchoscope between 12 and 75 mmHg and these concentrations were compared with the equivalent distal 'tracheal' concentrations as measured by the multigas analyser. Proximal C02 concentrations were also compared with distal 'tracheal' C02 concentrations at respiratory rates from 10 to 100 breaths per minute, with and without the fibreoptic bronchoscope (Olympus XT20 6 mm OD) in situ and with and without resistance to gas flow in the distal 'trachea' (to mimic a tracheal stenosing lesion). Inspired oxygen concentration at the distal 'trachea' was similarly measured at respiratory rates from 10 to 100 breaths per minute, with and without the fibreoptic bronchoscope in situ, with and without a distal stenosis of 'trachea' and with entrainment through the side orifice of either air or oxygen (six litres per minute constant flow). The eyepiece of the rigid bronchoscope was removed in all cases, allowing entrainment from both proximal orifices. To measure the inspired oxygen concentration it was necessary to disconnect the model 'trachea' from the model lung to prevent dilution of the inspired oxygen concentration with the 'lung' oxygen concentration. concentration under similar conditions. A very high correlation between these measurements was found (r 0.988, P< 0.001) ( Figure 2 ). Respiratory rate, presence or absence of the fibreoptic bronchoscope or distal tracheal stenosing lesion did not alter this correlation.
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Distal 'tracheal' oxygen concentration was 50% at respiratory rates up to 100 breaths per minute when entraining air through the side orifice of the bronchoscope and rose to 66% following insertion of the fibreoptic bronchoscope (Figure 3 ). Presence of a distal 'tracheal' stenosing lesion had little effect on inspired oxygen concentration. Entrainment of oxygen instead of air caused an increase in inspired oxygen concentration to 62% with a further rise to 86% with the insertion of the fibreoptic bronchoscope.
DISCUSSION
The impetus to undertake this study was to ascertain the adequacy of this mode of ventilation for patients undergoing endobronchial laser therapy for obstructive tracheobronchial malignancies. The studies indicate that monitoring of proximal carbon dioxide concentration through the side orifice of the rigid bronchoscope will accurately reflect exhaled carbon dioxide concentrations over a physiological range despite a significant leak around the bronchoscope at the larynx. The studies also indicate that adequate inspired oxygen concentrations are achieved using the Sander's injector despite the presence of a distal stenosing lesion in the trachea and an intra-luminal fibreoptic bronchoscope. It should be noted that the rise in inspired oxygen concentration with insertion of the fibreoptic bronchoscope must indicate less efficient entrainment of air or oxygen and therefore a smaller tidal volume. In our clinical experience, this is confirmed by a slight elevation in ETC02 concentration or a need to increase the respiratory rate to maintain the same ETC02 concentration. Of some concern is the increased possibility of endobronchial fire with increased Anaesthesia and Intensive Care, Vol. 19, No. 2, May, 1991 inspired oxygen concentration. 6 ,7 However, with use of a rigid bronchoscope and a clean Nd-YAG fibre tip, it is said that endobronchial ignition is unlikely.s Indeed many patients for whom this form of therapy is considered need higher inspired oxygen concentration to survive, and for these patients this technique of ventilation has proved both safe and effective.
